Reading aloud during childhood is fundamental to develop the necessary power of expression and imagination needed in our society, and is adopted by many elementary schools in language classes. Teaching reading aloud focuses on the ability to adjust the way one reads to improve the understanding of the listener. However, it is difficult for children not in class to correctly read aloud while being aware of the listeners. In this paper we propose a support robot that will allow children to enjoy reading aloud by themselves or with their family, and encourage them to do so while paying attention to their listeners.
Introduction
Reading books does not only enrich our lives but it is also said to be the foundation for acquiring the expressiveness and imagination needed to cope with the everchanging environment and communication in our society [1] . To support such reading activities it is fundamental to start reading sentences aloud since early childhood, and for this reason elementary schools actively incorporate it in reading comprehension
The elementary school read-aloud guidance focuses on the ability to adjust the voice volume, intonation and accent, to think about the listener while reading, and to read in an easy to understand way [5] [6] [7] . However, when children are not in class and without a listener it is difficult for them to read aloud as if reading for someone. In addition it has been pointed out that the embarrassment due to reading aloud in front of other people and the fear of being corrected when doing a mistake leads to developing the awareness of not being good at reading. R.E.A.D. (Reading Education Assistance Dogs) is a program conducted in the United States where children with reading difficulties read aloud with a dog as a companion, so that they can feel at ease while training regularly and improving their reading comprehension.
In this paper we propose KINJIRO, an autonomous animatronics robot for children which allows them to enjoy reading aloud with their families or by themselves, and encourages listener-aware reading. Animatronics refers to the use of robotics to imitate the appearance, motion and emotion expression of humans, animals and other characters that appear in movies and theme parks. In our system, in addition to a familiar external appearance and life-like motion generation, we added perceptive behaviors to give the feeling that the robot is listening, such as turning in the direction of the reader's voice, nodding and blinking. Thanks to an evaluation experiment with a group of elementary school children we were able to confirm the improvement of both reading span when reading by memory and listener-aware behavior.
Animatronics for Supporting Reading Aloud
With our reading aloud support animatronics robot (KINJIRO), not only the child can read while aware of it as a listener, but it also adopts psychological elements present in animals that relieves the child from shyness and stress (Fig.1) [11] [12] [13] . Parents and teachers can check how often and how long the child has been reading aloud using an application for smartphones.
Animatronics Control
When a child reads aloud, having someone willing to listen increases the motivation and the chances of continuing this activity [12] . For this reason KINJIRO reacts to the child by turning its head in the direction of the voice, nodding and showing happiness. Sound sensors in each ear of KINJIRO sample the nearby sounds at every millisecond. The neck has two degrees of freedom so that it can move up, down, left and right; ears and eyelids have one degree of freedom. When the child starts reading, if during a given interval the sensors value keeps exceeding a threshold the nodding phase begins. During this phase, if the value goes under a predicted limit it is interpreted as a pause in the sentence and triggers the execution of a nod. If the difference between left and right sensor values is sufficiently big, the head turns to face the voice. Nodding is accompanied by ear movements and blinking (Fig.2) . 
